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Tho  Metabolism  of  Methionine  Siilfoxininc 
by  Jay  S*  Roth 

Previous  studies  on  tho  distribution  and  excretion  of  S’ 5 labeled 
L-methionino  sulfoxinine  (MSI)  by  rats  (1,2)  indicated  that  approximately 
60  per  cent  of  an  injected  dose  was  cxcrctec  by  24  hours  after  tho  injection. 
In  this  report  studies  have  been  made  of  the  distribution  of  tho  S in  the 
various  sulfur  fractions  of  urine  in  an  effort  to  determine  the  extent  to 
vdiich  MSI  is  motaboliscc.  by  the  rat. 

Materials  end  Methods 

Male  Wistrr  strain  rats  weighing  approxinately  200  gm.  were  injected 
with  100  mg.  s”  MSI  per  Kg.  This  amount  did  not  produce  toxic  symptoms 
although  the  injected  animals  did  not  cat  very  much  during  the  first  24  hours 
after  the  injection.  Tho  MSI  hod  r specific  activity  of  5.72  x 10^  counts 
per  min.  per  mg.  aid  it  and  all  samples  Wore  assayed  in  a gas  flow  counter 
with  stardard  geometry.  The  rr.ts  were  housed  in  stainless  steel  metabolism 
cages,  two  to  a cage,  and  urine  collected  each  24  hours  using  HCl  as  a pre  ~ 
servative.  The  animals  were  fed  water  and  Fox  chow  meal  ad  lib.  The  urine 
STjnples  were  made  up  to  100  ml.;  phosphate  was  precipitated  as  Mgl'IH^PC^,  ond 
the  sulfur  fractionated  according  to  the  procedure  of  Fiske.'  (3)  with  several 
modifications.  The  precipitated  benzidine  sulfate  was  filtered  on  sintered 
glass  filter  discs  of  medium  porosity  20  mrri.  in  diameter  and  10  mm.  high. 

After  drying  these  could  be  placed  fiircctly  in  the  gas  flow  ceuntor:  When 

counted  tho  discs  were  placed  in  a beaker  of  boiling  water  and  tho  benzidine 
sulfate  titrated  with  0.02  K NaOH.  Where  necessary  corrections  have  been 
made  in  the  counts  for  coincidence,  decay  md  solf-absorption. 

In  a first  experiment  8 rats  were  utilized  and  urine  collected  only 
dus'ing  the  first  24  hours.  Tho  results,  shown  in  Table  indicated  that 
approximately  5 per  cent  of  tho  excreted  during  the  first  day  had  been 
oxidized  to  sulfate.  Since  the  injected.  MSI  consists  of  two  isomers,  only  one 


of*  which  iiioy  be  biologicclly  nctivoj  the  naterin.1  excTotor’'  during  the  first 
24  ho\a*8  after  in4ection  'orild  repr^aont.  moati-/  the  ir.rc+tivo  form  which  is 
not  metabolised*  On  subsequent  days  larger  pcrccntc^cs  of  might  be  found 
in  the  oxidised  form*  To  test  this  possibility  the  procedure  was  ropocted  on 
6 rats  njii  ui'ino  scuaplcs  coUoctod  on  the  2,3,4  f'-nd  5th  day*  As  the  first 
oxporinent  indicated  thrt  large  deviations  wore  not  to  be  expected  in  the 
individual  urines,  the  smnpies  from  each  day*»  collections  were  p>ooled  and 
diq)licatc  analyses  carried  out  on  each  pooled  sonplo*  The  results  ore  given 
in  Table  II*  Examination  of  the  data  in  this  table  indicated  that  an 
increasing  percentage  of  S*®  was  excreted  as  STilfate  ftrom  the-  first  to  the 
fifth  days  of  the  e3q)oriment*  By  the  fifth  day,  however,  the  total  radio- 
activity in  the  urine  reached  a very  low  value  which  seemed  to  be  leveling  off* 
It  is  possible  that  the  excreted  as  sulfate  at  this  tine  represented 
sulfur  \hich  had  been  incorporr.tod  into  pretoin  rnd  wr.s  then  being  metabolised 
at  a constant  rate*  The  nnount  of  it,  however,  wr.s  net  very  significant*  Of 
the  injected,  about  92  per  cent  of  the  totr.1  activity  had  been  recovered 
by  the  6th  day*  Very  little  was  fc\md  in  the  ethereal  sulfate  fraction* 
OirenatQgrrvphlc  onolvsls  of  Urine 

Previous  preliminary  chronctogrcphlc  studios  (2)  had  failed  to 
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P'l'rtition  oOTcrinents  indicated  that  there  was  littlo  orir>.tion  to  sulfate. 


the  possibility  that  some  altered  organic  metabolite  wc.s  present  in  relatively 
large  quen titles,  especially  in  the  uri.no  collected  the  first  day,  was  tested 
by  ai>piication  of  paper  chromatography  and  by  use  of  ion-^jxchnrge  colirans* 

iin  untreated  sajRplo  of  urine,  collected  during  the  first  24  hours  after 
injection  of  MSI  was  passed  through  a column  of  IRA  400^200  x 8 cm.  whJoh  had 
been  converted  to  the  hydroxyl  form  by  4 jC  NaOH*  The  natoriai  adsorbed  by  the 
column  wr^s  oluted  with  0*1  M HCl  end  the  fractions  asstyed  for  3*®  activity* 
These  studios  arc  contlimlng* 


Tr.blc  I 


Excretion  of 
with 

During  24  Hours  by  Rats  Injected 
L-Methionino  Sulfexir.ilno 

Sor.plc 

Total  inorganic 
30^* 

Activity 

Total  S as 

so,“ 

Activity 

S^^  as  S0^“ 

ng- 

epn 

ng. 

epn 

por  cent 

Rats  1,2 

11.1^ 

26,008* 

14.7 

490,730 

5.3 

RL.ts  3,4 

12.7 

25,098 

13.9 

a5,465 

6.0 

Rats  5,6 

11.1 

22,286 

15.5 

468,982 

4.8 

Rats  7,8 

13.3 

20,607 

16.5 

519,153 

4.0 

Av«  5*0 


1 Twenty  nl.  sfxiple  of  urint^  \isod  for  crunlysis* 

2 CoiTGcteu  for  blank.  Blrjik  consisted  of  rat  iirinc  to  which 
c siiailar  q\iantity  of  L MSI  had  been  added. 


Tabic  II 


Sulfur  Partition  in  tho  Urine  of  Rr.ts  Injected 
with  L-Mcthf.cnine  Sulfoxirine 


Sonplc 

Inorgrnic  SO^* 

Activity  Total  Inorgm ic 

so^- 

Activity 

Total  S 
as  SO^' 

Activity 

Dg* 

epn 

ng. 

cpn 

ng. 

cpn 

2nd  day 

4.7^ 

9080 

4*8 

9160 

6.1 

109,700 

3rd  day 

5.8 

1394 

6.0 

2475 

7.4 

11,050 

4th  day 

6*9 

590 

7*5 

660 

8.8 

3,582 

5th  day 

6.5 

434 

6.7 

464 

7.9 

1,435 

EthererJ  SO^ 

“ Activity 

Orgrnic  S 
as  SO/ 

;.ctivity 

Per  cent  of  S 
as  SO4' 

ng. 

cpn 

r-g. 

cpn 

2nd  day 

0.1 

80 

1.3 

100,540 

8.4 

3rd  day 

0.2 

81 

1.4 

9,575 

13.4 

4th  day 

0.6 

70 

1.3 

2,922 

18*4 

5th  day 

0*2 

30 

1.2 

97i 

32*4 

1 5*0  nl*  armploj  avcrr^gc  of  duplicate  dotcmlnrtiona. 
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The  Uptakn  o.f  6*®  of  S3®.L*»}fothionino  Sulfoximino 
by  Rat  Eirain  Hcmogcnatcs 


Throe  rat  brains  were  quickly  removed  from  rats  killed  by  a blow  on 
the  head  and  homogenized  with  I4.  parts  of  cold  Krebs  Ringer  phosphate  solu-' 
tion.  Cue  ml,  of  homogenate  was  added  to  Varburg  flasks  containing  2,0  ml, 
of  isotonic  glucose  and  U mg,  of  labeled  IBI  per  flask.  Four  flasks  woro 
heated  to  boiling,  those  served  as  controls.  All  of  tlio  flasks  woro  then 
gassed  with  95'j  0^  and  S%  COg  for  3 hours  at  37*  C,  with  shaking.  At  the 
end  of  this  period  the  contents  of  the  control  and  experimental  flasks 
(li  each)  were  pooled  and  px-ocipitated  with  an  oqual  voIi^jo  of  ice  cold 
lOJo  TCA,  The  precipitates  wore  washed  with  3 portions  of  ice  cold  $%  TCA 
and  the  residues  extracted  with  9$%  ethanol  and  lil  boiling  ethanol-CHClg , 
The  protein  remaining  was  dried  at  80*  C,  overnight  and  then  weighed  into 
two  Kjoldahl  flasks  and  digested  with  Pirio  s reagent.  The  sulfate  was 
precipitated  as  benzidine  sulfate  using  1»0  ml,  of  approximately  0,1  M 
HaS04  as  a carrier  and  collected  as  prorlously  described  on  sintered  glass 
plates  « 


Sar.plo 

Counts/min, 

mg.S 

W ■>'  * w« 

Boiled  control 

1 

503 

1,98 

25U 

Boiled  control 

2 

U18 

2,00 

209 

Experimental 

1 

1255 

2.U2 

519 

Experimental 

2 

1U53 

2,^0 

582 

These  results  although  indicating  a significant  uptake  of  by  brain 
cannot  be  taken  as  conclusive  for  two  reasons.  First,  it  is  possible  that 
the  increased  count  in  the  experimental  saJ^les  is  due  to  uptake  of  relatively 
small  amounts  of  impurities  such  as  methionine  sulfoxide  which  may  be  present 
in  the  sample  of  sulfoxlmino.  Second,  in  view  of  the  appreciable  count  of 
the  boiled  controls  which  may  be  due  to  adsorption  of  the  radioactive 
material  by  proieia  it  would  bo  ncceooarj'  to  isolnto  the  sulfur  containing 
anino  acids  from  the  protein  of  the  expeririental  samples  and  prove  that 
the  radioactivity  was  associate^  with  these  amine  acids*  Further  studios 
are  plnnnoH  on  the  uptalco  of  flrom  MSI  by  liver  and  spinal  cord. 


